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Abstract
We describe the intersecting brane configuration of type IIA string theory corresponding to
the meta-stable nonsupersymmetric vacua in four dimensional N = 1 supersymmetric SU(Nc)
gauge theory with an antisymmetric flavor, a conjugate symmetric flavor, eight fundamental
flavors, mf fundamental flavors and mf antifundamental flavors. This is done by analyzing
the N = 1 supersymmetric SU(2mf −Nc + 4) magnetic gauge theory with dual matters and
the corresponding dual superpotential.
1 Introduction
In the standard type IIA supersymmetric brane configuration of electric theory, the classical
N = 1 SQCD with gauge group SU(Nc), Nf flavors of chiral superfields in the fundamental
and antifundamental representations and vanishing superpotential can be described by Nc
D4-branes suspended between NS5-brane and NS5’-brane along x6 direction together with
Nf D6-branes to the left of the NS5-brane, each of which is connected to the NS5-brane
by a D4-brane. Similarly, in the standard type IIA supersymmetric brane configuration of
magnetic theory, the classical N = 1 SQCD with gauge group SU(Nf − Nc), Nf flavors of
chiral superfields in the fundamental and antifundamental representations and nonvanishing
superpotential can be described by (Nf −Nc) color D4-branes suspended between NS5’-brane
and NS5-brane along x6 direction together with Nf D6-branes to the left of the NS5’-brane,
each of which is connected to the NS5’-brane by a flavor D4-brane [1, 2].
The dynamical supersymmetry breaking [3] can occur in N = 1 SQCD with massive
flavors where the supersymmetry is broken by rank condition through F-term equations.
The geometric misalignment [4, 5, 6] of Nf flavor D4-branes connecting between NS5’-brane
and D6-branes in the magnetic brane configuration can be interpreted as nontrivial F-term
equations in the corresponding gauge theory. It turns out the minimal energy supersymmetry
breaking IIA brane configuration can be described by coincident (Nf − Nc) color D4-branes
suspended between coincident (Nf−Nc) D6-branes and NS5-brane along x6 direction together
with the remaining coincident Nc D6-branes to the left of the NS5’-brane, each of which is
connected to the NS5’-brane by a flavor D4-brane [4, 5, 6]. For symplectic or orthogonal
gauge groups, similar analysis can be done by adding orientifold 4-plane [5, 7].
The classical N = 1 SQCD with gauge group SU(Nc), Nf flavors of chiral superfields in
the fundamental and antifundamental representations, a single adjoint field and nonvanishing
superpotential can be described byNc color D4-branes suspended between two coincident NS5-
branes and NS5’-brane along x6 direction together with Nf D6-branes at values of x
6 that are
between those corresponding to the positions of the NS5-branes and NS5’-brane [1, 2]. The
dynamical supersymmetry breaking [8, 9] can occur in N = 1 SQCD with massive flavors plus
a single adjoint by adding some mesonic deformation terms. It turns out the minimal energy
supersymmetry breaking IIA brane configuration can be described by coincident (2Nf −Nc)
color D4-branes suspended between coincident (2Nf − Nc) D6-branes and rotated two NS5-
branes along x6 direction, the coincident (Nc −Nf ) D6-branes to the left of the NS5’-brane,
each of which is connected to the NS5’-brane by a flavor D4-brane, together with the remaining
coincident (Nc − Nf ) D6-branes to the left of the NS5’-brane, each of which is connected to
1
the NS5’-brane by a tilted flavor D4-brane [10].
The classical N = 1 SQCD with gauge group SU(Nc), Nf flavors of chiral superfields
in the fundamental and antifundamental representations, a symmetric flavor, a conjugate
symmetric flavor and nonvanishing superpotential can be described by Nc color D4-branes
suspended between rotated NS5-brane and rotated NS5’-brane along x6 direction, an O6-
plane, together with Nf D6-branes at values of x
6 that are between those corresponding to
the positions of the rotated NS5-brane and NS5-brane(and their mirrors) [11, 2]. It turns
out the minimal energy supersymmetry breaking IIA brane configuration can be described
by coincident (2Nf − Nc) color D4-branes suspended between coincident (2Nf − Nc) D6-
branes and NS5-brane along x6 direction together with the remaining coincident (Nc − Nf)
D6-branes to the left of the NS5’-brane, each of which is connected to the NS5’-brane by a
flavor D4-brane(and their mirrors) plus O6-plane [12].
In this paper, we study N = 1 SU(Nc) gauge theory with an antisymmetric flavor A, a
conjugate symmetric flavor S˜, eight fundamental flavors Qˆ, mf fundamental flavors Q and
mf antifundamental flavors Q˜
1 in the context of dynamical supersymmetric breaking vacua.
The corresponding supersymmetric brane configuration in type IIA string theory was given
by various groups in [13, 14, 15] sometime ago. See also [16]. In the related gauge theory
analysis [17] alone, the turning on the superpotential W = (AS˜)2 was necessary to truncate
the chiral ring and the dual description was given. From the brane analysis where, in general,
two other quartic terms in the superpotential are present, this quartic superpotential can be
obtained from the corresponding N = 2 theory by integrating the massive adjoint field out.
For the limit of infinite mass for the adjoint field, the above quartic superpotential terms
vanish because the coefficient function appears as an inverse of mass. Now we can add the
mass term for quarks in the fundamental representation of the gauge group while keeping
the infinite mass limit. Then we turn to the dual magnetic gauge theories by standard brane
motions with appropriate linking number counting. It turns out that the dual magnetic
theory giving rise to the meta-stable vacua is described by N = 1 SU(2mf − Nc + 4) gauge
theory with dual matter contents and the superpotential. Some of the F-term conditions
cannot be satisfied by rank condition. Then the final nonsupersymmetric minimal energy
brane configuration for this theory can be summarized in Figure 3 2.
In section 2, we review the type IIA brane configuration corresponding to the electric
theory based on the N = 1 SU(Nc) gauge theory with above various matter contents. In
1The proposal for the type IIA brane configuration describing the nonsupersymmetric meta-stable mini-
mum in this theory is given by [5] already.
2There exists also other type of type IIA brane configuration [18] we do not discuss, describing the meta-
stable vacuum in the Z2 orbifold of the conifold. See also other brane configuration in [19].
2
section 3, we construct the Seiberg dual magnetic theory which is N = 1 SU(3mf −Nc + 4)
gauge theory with corresponding dual matters as well as various gauge singlets, by brane
motion and linking number counting. In section 4, we consider the infinite mass limit for the
adjoint field of N = 2 theory in order to obtain nonsupersymmetric meta-stable minimum
where the gauge group is given by SU(2mf − Nc + 4) with matter contents and present
the corresponding intersecting brane configuration of type IIA string theory. In section 5,
we describe M-theory lift of the supersymmetry breaking type IIA brane configuration we
have considered in section 4. Finally, in section 6, we give the summary of type IIA brane
configuration corresponding to meta-stable vacua of various gauge theories.
2 The N = 1 supersymmetric electric brane configura-
tion
Let us describe N = 1 SU(Nc) gauge theory with an antisymmetric flavor A, a conjugate
symmetric flavor S˜, eight fundamental flavors Qˆ, mf fundamental flavors Q and mf antifun-
damental flavors Q˜ [13, 14, 15]. The anomaly-free global symmetry group determined by the
gauge symmetry on the D6-branes is given by SU(mf )L × SO(8)L × SU(mf )R with three
U(1)’s 3. The type IIA brane configuration consists of three NS5-branes having different x6
values, Nc D4-branes suspended between them, 2mf D6-branes, eight “half” D6-branes ex-
tending all the way from x7 = 0 to x7 = ∞, an orientifold 6 plane(O6+-plane) located at
negative x7 carrying +4 RR charge and an orientifold 6 plane(O6−-plane) located at positive
x7 carrying −4 RR charge 4.
Let us introduce two complex coordinates, as usual,
v ≡ x4 + ix5, w ≡ x8 + ix9.
According to Z2 symmetry of O6-plane (0123789) sitting at v = 0 and x
6 = 0, the coordi-
nates (x4, x5, x6) transform as −(x4, x5, x6). Among three NS5-branes, the middle NS5’-brane
(012389) which is located at x7 = 0 is stuck on an O6-plane and the two outer NS5-branes are
3Note that this gauge theory looks similar to [17] in the sense that the matter contents are the same but
the global symmetries and the superpotential are different. Over there, the global symmetry is SU(mf +
8)L × SU(mf )R with three U(1)’s and the superpotential has more simple form.
4The orientifold action identifies the two factors of product gauge group SU(Nc) × SU(Nc) and projects
the bifundamental representation onto one antisymmetric tensor and one conjugate symmetric tensor since
there exists different projection acting on the different sides of the D4-branes [14]. Moreover, the matter
coming from the half D6-branes exists. The brane configuration of N = 1 supersymmetric gauge theory
with SU(NL) × SU(NR) and matter in the bifundamental and fundamental representations was found in
[20, 21, 22].
3
placed in a Z2 symmetric manner from N = 2 brane configuration as in Figure 1. The left
NS5-brane is rotated by an angle θ in (v, w) plane(denoted by NS5θ-brane) while the right
NS5-brane is rotated by an angle −θ in the same plane(denoted by NS5−θ-brane). Our con-
vention for this angle is different from the one used in [13]. Similarly, the left mf D6-branes
are rotated by an angle ω in (v, w) plane independently and denote them as D6ω-branes and
the right mf D6-branes appear as D6−ω-branes in a Z2 symmetric manner 5. The middle
NS5’-brane divides the O6-plane into two disconnected regions corresponding to the positive
and negative x7, denoted by O6−-plane and O6+-plane respectively. The RR charge of the
O6-plane jumps from +4(in negative region of x7) to −4(in positive region of x7) as we cross
the NS5’-brane [23]. The part of O6−-plane has more eight semi-infinite(or half) D6-branes
(0123789) embedded in it. That is, four half D6-branes(and their mirrors) are present. This is
necessary to preserve the charge conservation, or to cancel the discontinuity of the RR charge
[24, 13, 14, 15].
For this brane setup, the classical superpotential in electric theory is given by the quartic
terms, flavor symmetry breaking term and a mass term for quarks as follows 6
W = − 1
2µ
[
(AS˜)2 +QS˜AQ˜ + (QQ˜)2
]
+ QˆS˜Qˆ+mQQ˜, µ ≡ tan(pi
2
− θ) (2.1)
where A is an antisymmetric field, S˜ is a conjugate symmetric field and Qˆ is the 8 fundamental
fields as well as mf fundamental fields Q and mf antifundamental fields Q˜ and the adjoint
mass µ is related to the rotation angle θ as above [25, 2].
Recall that starting with the brane configuration with N = 2 supersymmetry, one can
rotate one or both of the NS5-branes or one or more of the D6-branes such that the N = 1
supersymmetry is preserved. The mass of the adjoint chiral superfield breaks the N = 2
supersymmetry to N = 1 supersymmetry. Keeping one of the NS5-branes and all the D6-
branes fixed and rotating the other NS5-brane corresponds to changing the mass of the adjoint
chiral superfield. On the other hand, rotating both NS5-branes relative to the D6-branes
keeping the two NS5-branes and all the D6-branes parallel corresponds to to changing the
coupling between the adjoint chiral superfield and quarks [2].
When NS5θ-brane is parallel to D6ω-branes or θ = ω(and their mirrors also), then the
last two terms in the quartic terms above (2.1) are not present because the coefficient function
5There exists the figure showing the various angles in the product gauge group. One can make the following
identifications explicitly : for the left branes θ = pi2 − θ1 and ω = pi2 − θ1 − ω1 where θ1 and ω1 are defined in
the figure 5 of [14].
6If there exist k coincident NS5θ-branes(and their mirrors also), then the superpotential takes the form
as W = (µΦk+1 + AΦS˜ + QΦQ˜) + QˆS˜Qˆ + mQQ˜, in general. For the particular case where NS5θ-brane
is parallel to the D6ω-branes(and their mirror also) indicating that there is no QΦQ˜ term, one obtains
W = 12µ (AS˜)
k+1 + QˆS˜Qˆ+mQQ˜ [14].
4
sin(θ − ω) appears in front of the QΦQ˜ before integrating out the adjoint field Φ 7. We did
not insert the dependence on this coefficient function into (2.1) explicitly in order to make
it simple and actually in the limit of µ → ∞(or θ → 0), all the quartic terms vanish. The
field theory analysis [17] 8 corresponding to the superpotential (AS˜)2 which was necessary to
truncate the chiral ring provides the magnetic dual description. For the infinite limit of µ, it
is evident that the superpotential becomes QˆS˜Qˆ+mQQ˜. Since the eight half D6-branes are
sitting on the top of O6-plane, the flavor symmetry breaking term QˆS˜Qˆ in the superpotential
indicates that the flavor symmetry SU(mf + 8)L is broken to SU(mf )L × SO(8)L.
Then, the N = 1 supersymmetric electric brane configuration in type IIA string theory
realized in the gauge theory we study can be summarized as follows:
• Middle NS5’-brane with worldvolume (012389) with v = 0 = x6 = x7 9.
• Left NS5θ-brane with worldvolume by both (0123) and two spatial dimensions in (v, w)
plane and with negative x6.
• Right NS5−θ-brane with worldvolume by both (0123) and two spatial dimensions in
(v, w) plane and with positive x6.
• Left mf D6ω-branes with worldvolume by both (01237) and two spatial dimensions in
(v, w) plane and with negative x6. Before the rotation, the distance from D4-branes in the v
direction is nonzero.
• Right mf D6−ω-branes with worldvolume by both (01237) and two spatial dimensions
in (v, w) plane and with positive x6.
• Eight semi-infinite D6-branes with worldvolume (0123789) with x7 ≥ 0 and x6 = 0. The
7When the 2mf D6-branes approach and are placed on top of the O6-plane, the tree level superpotential
is given by (µΦ2 + AΦS˜ +QΦQ˜) + (QS˜Q + Q˜AQ˜) + QˆS˜Qˆ +mQQ˜ where the global symmetry is enhanced
to SO(2mf + 8)L × Sp(mf )R. Note that the matter contents in Q and Q˜ are doubled [13, 14, 15]. That is,
an antisymmetric flavor A, a conjugate symmetric flavor S˜, eight fundamental flavors Qˆ, 2mf fundamental
flavors Q and 2mf antifundamental flavors Q˜. Instead, if we put 2mf D6’-branes (0123457) approaching to
the O6-plane, then the global symmetry becomes SO(2mf )L×SO(8)L×Sp(mf)R. According to the result of
[15, 11], the dual magnetic gauge group from brane configuration is given by SU(2mf−Nc+4) and these extra
two Φ-independent terms in the superpotential, QS˜Q+ Q˜AQ˜, can be interpreted as mesonic perturbation in
the magnetic theory.
8When the baryonic operator B˜n = S˜
nQ˜Nc−nQ˜Nc−n gets an expectation value, then the initial gauge
group SU(Nc) along this flat direction is broken to SO(n) with antisymmetric tensor Aˆ and 2mf vectors as
well as the singlets and the superpotential will be Aˆ2 [13]. Along this flat direction, the original theory flows
to other theory in the IR [26]. Similarly, when the baryonic operator Bn = A
nQNc−2n gets an expectation
value, then the initial gauge group SU(Nc) is broken to Sp(n) with a conjugate symmetric tensor
ˆ˜
S and 2mf
flavors and the superpotential will be
ˆ˜
S
2
.
9According to Z2 symmetry of O6-plane, there exist two possible orientations of a middle NS5-brane. It
should be its own mirror under this action. It can extend in the v direction given in [12] or it can extend in
w direction. The second case provides the chiral theory [13].
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four half D6-branes are mirror to the remaining four half D6-branes with respect to O6-plane
10.
• Semi-infinite O6+-plane with worldvolume (0123789) with v = 0 = x6 and x7 ≤ 0.
• Semi-infinite O6−-plane with worldvolume (0123789) with v = 0 = x6 and x7 ≥ 0.
• Nc D4-branes with worldvolume (01236) with v = 0 = w.
We draw the type IIA electric brane configuration in Figure 1 which was basically given in
[13, 14, 2] already but the only difference is to put D6±ω-branes in the nonzero v direction in
order to obtain nonzero masses for the quarks which are necessary to obtain the meta-stable
vacua. Also one can imagine the brane configuration for θ = 0(in which the two outer NS5±θ
become two NS5-branes) from Figure 1.
(4,5)
(8,9)
(6)
NS5¡¯/O6/D6
Nc D4
NS5 NS5q -q
-q
q
D6mf
D6mf
Figure 1: The N = 1 supersymmetric electric brane configuration for the SU(Nc) gauge
theory with A, S˜(that are strings stretching between D4-branes located at the left hand side
of O6-plane and those at the right hand side of O6-plane), Qˆ(that are strings stretching
between D6-branes which are on top of O6−-plane and D4-branes) and Q, Q˜(that are strings
stretching between D6-branes and D4-branes). The O6-plane is divided into half by the
middle NS5’-brane in the x7-direction. The origin of the coordinates (x6, v, w) is located at
the intersection of NS5’/O6/D6-branes(a combination of a middle NS5’-brane, O6+-plane,
O6−-plane and eight half D6-branes above) and D4-branes.
10Our convention for the location of these eight fundamentals are different from the one in [2] because the
axis of x7 is reversed.
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3 The N = 1 supersymmetric magnetic brane configu-
ration
In order to obtain the magnetic dual theory in the context of brane configuration, we move
the D6-branes and NS5-branes through each other [2] and use the linking numbers [27] for
the computation of D4-branes which are created during this process. In other words, the
magnetic theory in the brane picture is obtained by interchanging D6-branes and NS5-branes
with their mirror images while preserving the linking number.
The linking number [27] for the D6-branes is given by L6 =
1
2
(n5L−n5R)+n4R−n4L where
n5L,R are the NS5-branes to the left or right of the D6-branes and n4L,R are the D4-branes
to the left or right of the D6-branes. After we move the left D6ω-branes to the right all
the way(and their mirrors, right D6−ω-branes to the left) past the NS5’-brane and NS5−θ-
brane, the linking number L6 of a D6ω-brane becomes L6 = 1 − n4L, which should be equal
to the original L6 = −1 before the brane motion, according to the conservation of linking
number. Then the n4L becomes 2 and we must add 2mf D4-branes to the left side of all mf
D6ω-branes(and their mirrors). See Figure 2 for the creation of these D4-branes.
Next, we move the left NS5θ-brane to the right all the way past O6-plane (and its mirror,
right NS5−θ-brane to the left), the linking number of NS5θ-brane, L5 =
mf
2
+ 1
2
(4)−N+2mf
using the formula L5 =
1
2
(n6L − n6R) + n4R − n4L where n6L,R are the D6-branes to the left
or right of the NS5-branes, n4L,R are the D4-branes to the left or right of the NS5-branes.
Originally, it was L5 = −mf2 − 12(4) +Nc from Figure 1 before the brane motion. Therefore,
we are left with the number of colors [13] in the magnetic theory
N = 3mf −Nc + 4.
The magnetic dual theory 11 has gauge group SU(N) where N = 3mf − Nc + 4 12 and a
conjugate symmetric s˜ and an antisymmetric a chiral multiplet together with mf fundamental
q, 8 fundamental qˆ andmf antifundamental q˜ chiral multiplets and moreover there exist gauge
singlet fields
M0 ≡ QQ˜, M1 ≡ QS˜AQ˜, M˜ ≡ QˆQ˜ (3.1)
11In [17], the number of colors is equal toN = 3mf−12−Nc formf fundamentals, (mf−8) antifundamentals,
an antisymmetric tensor and a conjugate symmetric tensor. By shifting as mf → mf +8 in order to compare
with the gauge theory we consider and match with the matter contents, this becomes N = 3mf + 12 − Nc.
The two theories between the one in [13, 14] and the one in [17] are connected to each other. By giving the
masses to all eight Qˆ’s in the electric theory, the former theory will reduce to the latter theory.
12When k NS5θ-branes(and its mirrors) are present, as in the notation of footnote 6, then by doing successive
Seiberg dual, the magnetic dual gauge group becomes SU((2k + 1)mf − Nc + 4(2k − 1)) where 2kmf term
comes from k coincident NS5±θ-branes, mf term comes from a middle NS5’-brane and 4(2k − 1) constant
term is due to the O6-plane.
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as well as other type of gauge singlets P ≡ QS˜Q and P˜ ≡ Q˜AQ˜ that are symmetric and
antisymmetric in their flavor indices respectively 13. Among newly created 2mf D4-branes
during the process from the electric theory to magnetic theory, the mf D4-branes(when mf
D6ω-branes cross a middle NS5’-brane) in the magnetic theory can split on the D6−ω-branes
in the most general way and a total of m2f massless modes correspond to the m
2
f components
of the magnetic meson M1. On the other hand, the remaining mf D4-branes(when mf
D6ω-branes cross the right NS5−θ-brane) in the magnetic theory can split similarly and
m2f massless modes correspond to the same components of the magnetic meson M0. In the
electric theory, if we move the D6ω-branes on top of O6-plane, as in the footnote 7, we have
seen the terms like as P ≡ QS˜Q and P˜ ≡ Q˜AQ˜. Here the fundamental chiral multiplets Q
of the gauge group originate from 4-6 strings connecting D4-branes to D6±ω-branes ending
a middle NS5’-brane from positive x7 while the antifundamental chiral multiplets Q˜ of the
gauge group come from 4-6 strings connecting D4-branes to D6±ω-branes ending a middle
NS5’-brane from negative x7 [15, 13, 14, 2]. A meson M˜ corresponds to 4-4 strings stretching
between the right D4-branes and the left D4-branes.
The magnetic superpotential for arbitrary θ and ω is given by
Wdual = (as˜)
2 +M1qq˜ +M0qs˜aq˜ + Pqs˜q + P˜ q˜aq˜ + (qˆs˜qˆ + M˜ qˆq˜) +mM0
where the first five terms are obtained from the field theory analysis [17], the next two terms
are due to the presence of flavor symmetry breaking (2.1) in the electric theory and the last
term comes from the mass of quarks in the electric theory 14. In particular, P and P˜ -terms
arise when the mf D6ω-branes intersect with its mirror mf D6−ω-branes around the location
of a middle NS5’-brane. In next section, by considering the subset of this process from the
electric theory to magnetic theory, we’ll show how the brane configuration for the meta-stable
supersymmetry breaking states arises.
We draw the type IIA magnetic brane configuration in Figure 2 which was given in [13,
14, 2] already but the only difference is to put D6±ω-branes in the nonzero v direction in order
to obtain nonzero masses for the quarks which are necessary to obtain the meta-stable vacua.
Compared with the previous Figure 1, this Figure 2 looks similar to Figure 1 but there exist
13 For the brane picture in the footnote 7, after we move the left NS5θ-brane to the right all the way
past O6-plane(and its mirror, right NS5−θ-brane to the left), the linking number of NS5θ-brane is given by
L5 =
(2mf )
2 +
(4)
2 − N . Note that due to the doubling of the flavors of Q and Q˜, the number of D6-branes
are 2mf on top of O6-plane. Originally, it was L5 = − (2mf )2 − (4)2 + Nc before the brane motion. Then the
magnetic gauge group one finds is SU(2mf −Nc + 4) as in footnote 7.
14As for the brane configuration in footnote 7, by adding the composite operators QS˜Q and Q˜AQ˜ in electric
theory, one gets the generalized magnetic superpotential by adding P - and P˜ -terms into Wdual, observed in
[15].
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2mf D4-branes(and its mirrors) which will be reduced to mf D4-branes(and its mirrors) for
infinite adjoint mass limit in next section. Also one can imagine the brane configuration for
θ = 0(in which the two outer NS5±θ become two NS5-branes) from Figure 2.
(4,5)
(8,9)
(6)
NS5¡¯/O6/D6
N D4
NS5NS5 q-q
-q
q
D6m f
D4m f2
D4m f2
D6m f
Figure 2: The N = 1 supersymmetric magnetic brane configuration for the SU(N = 3mf −
Nc + 4) gauge theory with a, s˜, qˆ, q and q˜. The 2mf D4-branes connecting between NS5−θ-
brane and D6−ω-branes are the dual gauge singlets corresponding to the mesons M0 and M1
(3.1). As will be explained in section 4, in the µ → ∞ limit (or θ → 0 limit), only mf D4-
branes connecting NS5-brane and D6-branes appear(and their mirrors). In the superpotential,
it contains eitherM0 orM1-dependent term depending on which way the brane motion occurs.
4 Nonsupersymmetric meta-stable brane configuration
When the D6-branes are parallel to a middle NS5’-brane or perpendicular to NS5-branes in the
electric theory(in other words, the angles are given by ω = π
2
and θ = 0) in the µ→∞ limit
15, let us describe the nonsupersymmetric meta-stable brane configuration 16. First rotate
D6ω-branes to the v direction and make them to be parallel to a middle NS5’-brane(and
its mirrors also). After we move the left D6ω=pi
2
-branes to the right all the way(and their
mirrors, right D6−ω=−pi
2
-branes to the left) past the middle NS5’-brane and the right NS5-
brane(=NS5−θ=0-brane), the linking number L6 of a single D6-brane becomes L6 = 12 − n4L,
15In this case, the D4-branes can move freely in v direction along the two outer NS5-branes and A and S˜
are free to get vacuum expectation values [17, 14].
16For the case of θ = 0 = ω(when the D6-branes are perpendicular to a middle NS5’-brane), the super-
potential contains M1-dependent term because the mf D4-branes created during the Seiberg dual process
correspond to the singlet M1, as in [12].
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which should be equal to the original linking number L6 = −12 . Let us denote D6ω=±pi2 -branes
by unrotated D6-branes (0123789). Then we should add mf D4-branes, corresponding to
the meson M0, to the left side of all the right mf D6-branes(and their mirrors) in Figure
2. Note that the difference, compared with previous case where 0 < θ ≤ π
2
, appears here
when a D6-brane crosses the middle NS5’-brane. Due to the parallelness of these(D6-branes
and NS5’-brane), there is no creation of D4-branes. This fact will affect the number of color
D4-branes below.
Next, we move the left NS5-brane(=NS5θ=0-brane) to the right all the way past O6-
plane(and its mirror, right NS5-brane to the left), and then the linking number of NS5-brane
becomes L5 =
mf
2
+ 1
2
(4) − N + mf . Note that since the NS5-brane is nonparallel to the
O6-plane(actually they are perpendicular to each other), one can see the contribution from
the O6-plane which plays the role of four D6-branes, contrary to the result of [12] in which
the outer NS5’-branes were parallel to an O6-plane. Originally, the linking number was
L5 = −mf2 − 12(4) + Nc. This implies that the number of D4-branes in magnetic theory, N ,
becomes
N = 2mf −Nc + 4
which is the same as the case for the theory of the footnote 7.
The magnetic superpotential corresponding to the electric superpotential W = QˆS˜Qˆ +
mQQ˜ with µ→∞ is given by
Wdual =M0qs˜aq˜ +mM0 + (qˆs˜qˆ + M˜ qˆq˜). (4.1)
When we take µ→∞, the quartic terms from (2.1) vanish and this leads to the fact that there
is no such term like (as˜)2 in the magnetic superpotential we are considering. Our particular
route for brane motion, as we observed before, does not allow for us to have M1 term which
also prohibits the presence of M1qq˜. Moreover since the D6-branes are parallel to the middle
NS5’-brane(ω = π
2
), there are no P or P˜ dependent terms. Eventually, we are left with the
result of (4.1).
Here q and q˜ are fundamental and antifundamental for the gauge group indices and anti-
fundamentals for the flavor indices. The fields a and s˜ are antisymmetric tensor and conjugate
symmetric tensor for the gauge group indices respectively with no flavor indices. Then, qs˜aq˜
has rank N while m has a rank mf . Therefore, the F-term condition, the derivative the
superpotential Wdual with respect to M0, cannot be satisfied if the rank mf exceeds N . This
is so-called rank condition. Other F-term equations are satisfied by taking the vacuum ex-
pectation values of M˜ and qˆ to vanish.
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The classical moduli space of vacua can be obtained from F-term equations. From the
F-terms Fq and Fes, one gets s˜aq˜M0 = 0 = aq˜M0q + qˆqˆ. Similarly, one obtains q˜M0qs˜ = 0 =
M0qs˜a + M˜qˆ from the F-terms Fa and Feq. Moreover, there is a relation qs˜aq˜ +m = 0 from
the F-term FM0 . From the conditions aq˜M0 = 0 = M0qs˜ and M˜ = 0 = qˆ, which satisfy the
above four equations for nonzero vacuum expectation values q, q˜, a and s˜, one can fix the form
of M0 and part of qs˜ and aq˜, which can be fixed by using FM0 = 0 further, and one obtains
the following solutions
< qs˜ >=
( √
meφ1N
0
)
, < aq˜ >=
( √
me−φ1N 0
)
, < M0 >=
(
0 0
0 Φ01mf−N
)
(4.2)
as well as < M˜ >= 0 =< qˆ > where Φ01mf−N is an arbitrary (mf −N) × (mf −N) matrix
and the zeros of < qs˜ > and < aq˜ > are (mf − N) × N and N × (mf − N) zero matrices
respectively. Similarly, the zeros of mf × mf matrix M0 are assumed also. Then Φ0 and
(
√
meφ,
√
me−φ) parametrize a pseudo-moduli space. Let us expand around on a point on
(4.2), as done in [3]. That is,
q =
(
q01N +
1√
2
(δχ+ + δχ−)1N
δϕ
)
, s˜ =
(
s˜0 + δX˜
)
1N , a = (a0 + δX) σ2 ⊗ 1N
2
,
q˜ =
(
q˜0σ2 ⊗ 1N
2
+ 1√
2
(δχ+ − δχ−)σ2 ⊗ 1N
2
δϕ˜σ2 ⊗ 1mf−N
2
)
,M0 =
(
δY δZ
δZ˜ Φ01mf−N
)
together with the variations of M˜ and qˆ that are mf × 8 and 8 × N matrices respectively.
Then the superpotential (4.1) becomes
W fluctdual = Φ0 (δϕ s˜0 a0 δϕ˜+m) + δZ δϕ s˜0 a0 q˜0 + δZ˜ q0 s˜0 a0 δϕ˜
+
(
1√
2
δY δχ+ s˜0 a0 q˜0 + · · ·
)
+ (cubic) (4.3)
where (cubic) stands for the terms that are cubic or higher in the fluctuations and · · · con-
tains some parts from the last two terms in (4.1) that are not relvant. Then to quadratic
order, the model splits into two sectors where the first piece given by the first line of (4.3)
is an O’Raifeartaigh type model and the second piece given by the second line of (4.3) is
supersymmetric and will not contribute to the supertrace. The fields δχ±, δY, δX and δX˜
couple to the supersymmetry breaking fields δϕ and δϕ˜ via terms of cubic and higher order
in the fluctuations. Then, the remaining relevant terms of superpotential are given by
W reldual = Φ0
(
δϕˆ δ ˆ˜ϕ+m
)
+ δZ δϕˆ a0 q˜0 + δZ˜ q0 s˜0 δ ˆ˜ϕ
where δϕˆ ≡ δϕ s˜0 and δ ˆ˜ϕ ≡ a0 δϕ˜. At one loop, the effective potential V (1)eff for Φ0 can be
obtained from this relevant part of superpotential which consists of the matrix M and N of
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[28] where the defining function F(v2) can be computed. Using the equation (2.14) of [28]
of m2Φ0 and F(v2), one gets that m2Φ0 will contain (log 4 − 1) > 0, by taking the limit where
q0s˜0 → √meφ and a0q˜0 → √me−φ, as in (4.2). This implies that these vacua are stable. In the
brane configuration from Figure 2, since the N D4-branes can slide along the two NS5-branes
when θ = 0, the vacuum expectation values of a and s˜ can be 2× 2 block-diagonalized.
By recombination of N of D4-branes connecting D6-branes and NS5-brane with those
connecting NS5’-brane and NS5-brane and moving them in v direction(and their mirrors)
from Figure 2, the minimal energy supersymmetry breaking brane configuration is shown in
Figure 3 that was observed also in [5]. This phenomenon occurs all the examples found in
[4, 5, 6, 10, 7, 12]. Compared with the brane configuration of [12], the locations of NS5-brane
and NS5’-brane are interchanged each other. Roughly speaking, when the NS5-brane moves
along the x6 direction and two NS5’-branes move to the origin from the Figure 3 of [12], then
one obtains the Figure 3 of this paper. Undoing the Seiberg dual in the context of [5]. Some
entries in the dual quarks q, q˜ and dual tensors a, s˜ acquire the nonzero expectation values
in terms of the eigenvalues of mass matrix m to minimize the F-term FM0 in this dual gauge
theory. This corresponds exactly to the geometric recombination and movement along the v
direction above. When one gets the nonzero vacuum expectation values for < M0 >,< q >,
and < q˜ >, then the separation of the D4-branes along the middle NS5’-brane corresponds to
the mass of two index tensor (as˜).
5 M-theory description of nonsupersymmetric meta-
stable brane configuration
The M5-brane lives in (0123) directions and wraps on a Riemann surface inside (4568910)
directions. The Taub-NUT space (45610) is parametrized by two complex variables (v, y)
while flat two-dimensions (89) are by a complex variable w. One of the complex structures of
Taub-NUT space (45610) can be described by embedding it in a three complex dimensional
space with coordinates (x, t, v). The M5-brane curve corresponding to the type IIA brane
configuration shown in Figure 1, in a background space [29] of xt = (−1)mfv4∏mfk=1(v2 − e2k)
where ek is the position of the D6-branes in the v direction, can be characterized by a cubic
equation in t [11, 12]. For fixed x, the coordinate t corresponds to y and for fixed y, the
coordinate x corresponds to 1/t.
At nonzero string coupling gs 6= 0, the two kinds of NS5-branes can bend due to their
interactions with the D4-branes and D6-branes. Let us consider the asymptotic behavior
such that the rotated curve should have at w → ∞ and w = 0. One can read off the
12
(4,5)
(8,9)
(6)
NS5¡¯/O6/D6
N D4
N D4 mf D6
mf D6
mf D4
NS5
NS5
(    -N)
mf D4(    -N)
Figure 3: The nonsupersymmetric minimal energy brane configuration for the SU(N =
2mf − Nc + 4) gauge theory with a, s˜, q, q˜ as well as qˆ. This can be obtained from the
magnetic description of Figure 2 by putting θ = 0 and ω = π
2
and with the condition that the
number of D4-branes connecting between D6-branes and NS5’-brane are reduced to a half.
The (mf−N) D4-branes connecting between NS5’-brane and D6-branes can move freely along
w direction and this leads to nonzero vacuum expectation values of the meson M0 (3.1). In
section 5, we move each half of the middle NS5’-brane to the ±v direction holding everything
else fixed, instead of moving D6-branes.
behaviors of the left, middle, right NS5-branes respectively as in [12]. Then the behavior of
the supersymmetric M5-brane curves can be written as follows by realizing that the role of
NS5-brane and NS5’-brane(the behaviors of the coordinates v and w) are exchanged into each
other:
1. w →∞ limit implies
v → ±m, y ∼ wmf+2 + · · · NS’ asymptotic region.
2. v →∞ limit implies
w → 0, y ∼ v2mf−Nc+4 + · · · NSL asymptotic region,
w → 0, y ∼ vNc + · · · NSR asymptotic region.
Along the line of [6, 7, 12], each half of the central NS5’-brane is moved to the ±v direction
holding everything else fixed, instead of moving D6-branes(and their mirrors). In this process,
the corresponding mirrors are placed in appropriate way. Since the nonsupersymmetric brane
configuration in Figure 3 implies that only the NS5’-brane is deformed by turning on the
mass for the quarks, only NS5’-brane is nonholomorphic. The remaining NS5-brane and D6-
branes remain unchanged. The ansatz for this nonholomorphic curve corresponding to the
NS5’-brane with boundary condition above can be made similarly.
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The harmonic function appearing in the Taub-NUT space, sourced by the the left coinci-
dent mf D6-branes located at x
6 = 0, O6+-plane(which is equivalent to 4 D6-branes) located
at x6 = l, and the right coincident mf D6-branes located at x
6 = 2l, can be written as
explicitly, by putting the right charges and the locations of them,
V (s) = 1 +
mfR√
f(s)2 + s2
+
4R√
f(s)2 + (s− l)2 +
mfR√
f(s)2 + (s− 2l)2 . (5.1)
Note that when we compare with the usual N = 1 SQCD with massive flavors developed in
[6], the last two terms in (5.1) coming from the effect of O6-plane and mirrors of D6-branes in
our gauge theory are present newly. When half of the middle NS5’-brane is located at v = ∆x
ℓ2s
from Figure 3(and its mirror appears at opposite value of v) and f(s) = ∆x 17, then there
exists the equation (A.3) of [6] which is valid for arbitrary form for the harmonic function.
Then, this first order differential equation leads to the solution for g(s),
g(s) ∼
(
s− l +
√
(∆x)2 + (s− l)2
) 2
Nc
1∏
j=0
[
s− 2lj +
√
(∆x)2 + (s− 2lj)2
] mf
2Nc
where the s-independent integration constant is fixed by the boundary condition above classi-
fication 2. The function g(s) does not vanish even if ∆x vanishes. Then w that is proportional
to g(s) does not vanish and y is not equal to zero. This is not consistent with the statement
that y = 0 only if v = 0. Therefore, the extra piece in the potential (5.1) doesn’t remove the
instability from a new M5-brane mode occurring at some point during the continuation to
M-theory description of SQCD.
6 Summary and outlook
Let us make some comments on the type IIA brane configuration corresponding to the meta-
stable vacua for different kinds of gauge theories.
• Orthogonal group with a symmetric tensor flavor and massive vectors
As observed in [12], it is hard to imagine how the meta-stable vacua supersymmetry
breaking brane configuration arises because there is no extra NS5-brane we need to have. The
type IIA supersymmetry breaking brane configuration of meta-stable vacua corresponding to
SU(2Nf − Nc) gauge theory with matters is shown in Figure 3 of [12]. If we go on baryonic
branch(i.e., we move a middle NS5-brane to x7 direction), the baryon gets an expectation
value along this flat direction and the gauge group is broken to SO(n) with a symmetric
17Remember that the ansatz for the nonholomorphic curve implies that x4 = f(s) and x5 = 0 and for the
mirror of NS5’-brane we should have f(s) = −∆x due to the Z2 symmetry of O6-plane.
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tensor as well as vectors. The superpotential has a quadratic expression on this symmetric
tensor because the D4-branes will cross the O6+-plane in the region giving a projection to
the orthogonal gauge group [14]. Therefore, the type IIA supersymmetry breaking brane
configuration is the Figure 3 of [12] with a shift of NS5-brane to x7 direction. The gauge
theory analysis on this fact was given in [17] or the flow from mezzanine to orchestra in the
IR of Ak model [26] corresponds to this example in the gauge theory side. In order to obtain
higher order term for the superpotential in terms of the symmetric tensor, we need to insert
a multiple of outer NS5’-branes.
• Symplectic group with an antisymmetric tensor flavor and massive fundamental flavors
From the Figure 3 of [12] where O6+-plane is replaced by O6−-plane, if we move a middle
NS5-brane to x7 direction, the baryon gets an expectation value along this flat direction. Then
the gauge group is broken to Sp(n) with an antisymmetric tensor flavor as well as fundamental
flavors and the superpotential has a quadratic expression on this antisymmetric tensor because
the D4-branes will cross the O6−-plane in the region which gives a projection to the symplectic
gauge group. Similarly, the type IIA supersymmetry breaking brane configuration is the
Figure 3 of [12] where O6+-plane is replaced by O6−-plane with a shift of NS5-brane to x7
direction.
• Orthogonal group with an adjoint(antisymmetric tensor) and massive vectors
From Figure 3 above in this paper, we can move NS5’-brane to +x7 direction. The
expectation value on this operator in magnetic dual breaks the dual gauge group SU(N)
to SO(n) with an adjoint as well as vectors and a quadratic superpotential for this adjoint
because the D4-branes will cross the O6+-plane in the region which gives a projection to
the orthogonal gauge group [13, 14]. Therefore, the type IIA supersymmetry breaking brane
configuration is the Figure 3 in this paper with a shift of NS5-brane to +x7 direction. The
gauge theory analysis on this fact was given in [17] or the flow from balcony to mezzanine in
the IR of Ak model [26] corresponds to this example, in the gauge theory side.
On the other hand, according to [30], this theory can be realized in terms of O4+-plane,
NS5-brane, NS5’-brane, D4-branes and D6-branes. In principle, one can follow the method of
[8, 9] by adding the corresponding mesonic deformations and one expects that one can obtain
the meta-stable vacua to this theory in the gauge theory side.
• Symplectic group with an adjoint(symmetric tensor) and massive fundamental flavors
From Figure 3, we can move NS5’-brane to −x7 direction. The expectation value on this
operator in magnetic dual breaks the dual gauge group SU(N) to Sp(n) with an adjoint and
a quadratic superpotential for this adjoint because the D4-branes will cross the O6−-plane
in the region which gives a projection to the symplectic gauge group [13, 14]. Therefore, the
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type IIA supersymmetry breaking brane configuration is the Figure 3 in this paper with a
shift of NS5-brane to −x7 direction.
Similarly, one realizes that this gauge theory corresponds to the brane configuration which
consists of O4−-plane, NS5-brane, NS5’-brane, D4-branes and D6-branes [30]. It is evident
that one also obtains the corresponding brane configuration from Figure 4 of [10] by inserting
all the mirrors with respect to O4−-plane appropriately.
Then it is natural to ask what happens for the product gauge groups. For example, in
the gauge theory side [17], the theory of SU(N1) × SO(N2) with X , which transform as
fundamental in SU(N1) and vector in SO(N2), a conjugate symmetric tensor S˜ in SU(N1),
as well as fundamentals for SU(N1) and vectors for SO(N2) can confine either SU(N1) factor
or SO(N2) factor. For the latter, the IR duality is given by an unitary gauge theory with
a symmetric tensor flavor and fundamental flavors. See also relevant paper [31] where the
matter contents are different.
According to the result of [32], by rotating N = 2 brane configuration, a single smooth
supersymmetric M5-brane description gives rise to the monopole and meson expectation values
which are matching with the field theory computation through confining phase superpotential
[33]. See also the relevant discussions for symplectic and orthogonal gauge groups in [34, 35].
The N = 1 supersymmetric magnetic configuration for this case where k′ NS5’-branes are
connected by (2Nf − Nc) D4-branes to a single NS5-brane on their right and by a single
D4-brane to each of Nf D6-branes on their left was given in [30]. For k
′ = 2 case, the gauge
theory analysis was given in [36] where the magnetic dual superpotential corresponding to the
electric superpotential W = X3 with an adjoint X is given by Wdual = Y
3 +M1q˜Y q +M2q˜q
with a dual adjoint Y , dual quarks q, q˜ and gauge singlets M1 ≡ QQ˜ and M2 ≡ QXQ˜ for
electric quarks Q, Q˜ and an adjoint X . It would be interesting to study whether there exist
nonsupersymmetric meta-stable vacua.
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